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Abstract 
The paper deals with analysing the symbology in school atlases of the world with the focus on the cognitive aspects of 
cartographic signs by atlas users – pupils – to answer How symbology in school atlases from different countries is perceived 
by pupils. The authors aimed to find out whether or not the samples presented are accurately interpreted by the respondents, 
and if they are able to gain required information from the samples. Elev en school atlases were subsequently analysed. The 
perception itself was tested using an online web questionnaire distributed to various respondents. The questionnaire focused 
not only on the main group of atlas users and also on other respondents who have used school atlases before. The results come 
from 441 responses. The responses received were furthermore assessed using statistical methods. The research proved that 
older respondents were more successful in reading of, and retrieval of information from, t he maps. This confirmed the 
assumption that cartographic literacy increases with age and knowledge gained. The survey also showed that the use of 
cartographic products during free-time activities is beneficial for deepening the ability to read maps in respondents across age 
groups. After comparing the number of methods used in a single atlas, the Swiss atlas appeared to be the richest one, while t he 
Serbian one was the poorest. However, none of the selected atlases was entirely different in its approach in comparison with 
the remaining ones. 
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1. Introduction 
Communication is an essential part of everyone's life, whether it is through verbal and nonverbal means, 
through sight, hearing, touch, smell or even taste. The research was focused on one part of visual communication 
– sharing information via cartographic products. Generally, communication through sight is often associated with 
rapid ability to interpret and to understand it regardless of the language. It is similar as traffic signs, mathematical 
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symbols, pictograms on consumer products or marks for laundry care (Dymon, 2003, Voženílek, Kudělka, Horák, 
& Snášel, 2012).  
The map language is also often referred to as an international means of communication. However, is this 
hypothesis correct? It is not easy to give a definite answer to this question. Necessary research would have to be 
very large – it would require the involvement of people from all over the world, which is an especially great time 
requirement. The authors focus only on a part of cartographic production – the world school atlases. They are 
often among the first cartographic products with which one closely acquainted. This can affect one’s relationship 
to the maps, therefore high demands should be placed on creating these publications  (Konečný, & Švancara, 
1997). 
Almost all countries in the world emit atlases, which are designed primarily for pupils. Are these atlases 
similar or rather different? Can foreign-language atlases inspire authors of newly created works? Finally, are the 
maps in the European atlases understandable for the Czech users? These issues were the main impulse for the 
research of perception symbol sets of the world school atlases. The field of research on cartographic products for 
educational institutions is subject to the work of many cartographers and psychologists. The authors affect only 
one part of this vast topic. 
2. Objectives 
The main objective of the research was to investigate the perception of symbol sets used in different world 
school atlases by the users of all ages. The authors tried to find out whether respondents correctly interpret map 
symbols and whether they are able to obtain the requested information from them. For this purpose, several world 
school atlases produced in various countries were selected. 
The first particular aim was to compare selected atlases and the most used cartographic means. Furthermore, 
the content and structure of the atlases were analyzed. Emphasis was given on the topics which are common for 
the educational systems of all selected countries. 
The second aim involved testing of perception carried out using questionnaires distributed among respondents 
via the web form. The questionnaire focused on the main target user group of atlases (pupils and teachers of 
primary and secondary schools) as well as older respondents  which met the school atlases in the past. The 
responses from the questionnaire were analyzed using statistical methods. Based on the results, the authors 
express a conclusion on the perception of character sets.   
3. Methods  
Methods of literature search and comparison atlases, questionnaire survey and statistical processing of the 
results were used in the research. 
Searches focused on literature about the creation of web surveys and research studies on the perception of 
cartographic methods, map reading and their assessment. Articles describing specific perception research in 
cartography were mainly studied. Furthermore, the selected world school atlases were compared in terms of 
content and structure of individual titles, cartographic methods and means were discussed. For research purposes, 
world school atlases from library of the Dept. of Geoinformatics at Palacky University in Olomouc were used. 
Selected maps for the survey were scanned and prepared for particular questions in the web questionnaire. In 
preparing questionnaire survey, not only the principles of proper questions in the questionnaires have been 
complied with, but also appropriately selected maps and their related issues were used. 
The questionnaire contained 24 questions and the demographic section. The questionnaire form was created 
by Google documents. Through the questionnaire, 441 responses were obtained. 
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Before reviewing the results, the answers of respondents who experienced failure to answer more than three 
questions in a row and the unreliable responses were excluded from the file. Individual questions were 
successively analyzed and the results interpreted. 
First, the first degree sort was processed. It provided the basic information on responses to individual 
questions in the form of tables. Since this was the nominal measurement, absolute (ni) and relative frequency (pi) 
of responses and mode (nMO) were observed. For questions with alternative answers, the response rates of 
variability (variation ratio, nominal dispersion and entropy) were calculated. For questions  with selective answers 
(when more than one was correct), the rates of variability ware not calculated because in such cases they have no 
informative value. These questions were evaluated only verbally. 
For questions testing the preference of symbol sets, the Pearson's chi-square test, which allows assessing of 
the relationship between variables in contingency tables , was used. Statistical calculations were performed in the 
software R. The hypotheses were tested at a significance level of 0.05. In addition, correspondence analysis, 
which is appropriate to analyze the relationship between nominal variables and in contingency tables , was used. 
The result is a graphical representation of the relations of the two categories of variables. 
4. World school atlases 
It was chosen 14 school atlases from the production of thirteen European countries (Table 1). Eleven of these 
were analyzed. 
When selecting atlases, the emphasis was given on the maximal accordance in extent of selected atlases and 
their release from the last ten to fifteen years. Three atlases ([3], [5] and [8] of Table 1) did not meet these 
conditions (their content is limited to a certain part of the school curriculum), and therefore they were not 
included in the final comparison. Samples (legends, characters) of these atlases were used only for the 
questionnaire. The authors tried to select atlases in order to describe school atlas production across Europe 
properly, even though they are aware that for a more accurate assessment of international transparency of map 
language more atlases would be necessary to involve. 
Table 1. The selected world school atlases involved in the research 
Country title of the atlas city, publisher, year 
[1] Belgium Wolters Kleine Wereldatlas Mechelen: Wolters Plantyn, 1997 
[2] Czech Republic Školní atlas světa Prague: Kartografie Praha, 2002 
[3] Czech Republic Amerika (sešitové atlasy pro základní školy) Prague: Kartografie Praha, 1995 
[4] Estonia Maailma atlas  Tallinn: Eesti entsüklopeediakirjastus, 2003 
[5] Lithuania Pasaulio atlasas – 10 klasei  Vilnius: Leidykla Briedis, 1996 
[6] Hungary Középiskolai földrajzi atlasz Budapest: Cartographia, 2003 
[7] The Netherlands De Junior Bosatlas Groningen: Wolters-Noordhoff Atlasprodukties, 2004 
[8] Norway Bildeatlas over Norge Oslo: Kunnskapsforlaget, 2004 
[9] Austria Unterstufen schulatlas Vienna: Freytag & Berndt, 2002 
[10] United Kingdom Philip's Modern School Atlas London: George Philip, 2000 
[11] Serbia Географски атлас Beograd: Intersistem Kartografija, 2009 
[12] Spain Atlas general Secundaria Madrid: Santillana, 2005 
[13] Sweden Almqvist & Wiksells atlas för gymnasiet Stockholm: Liber AB, 1999 
[14] Switzerland Atlas Mondial Suisse Berne: Conférence suisse des directeurs cantonaux de 
l'instruction publique, 2002  
1124   Vít Voženílek et al. /  Procedia - Social and Behavioral Sciences  112 ( 2014 )  1121 – 1136 
  
All compared atlases are made in hard cover approximately A4 format. Number of pages is between 96 ([1], 
[7]) and 240 ([15]). Graphically, all atlases are at a high level. 
When studying the contents of the selected eleven atlases ([1], [2], [4], [6], [7], [9], [10], [11], [12], [13], [14] 
from Table 1) there were observed cartographic methods, dividing of the atlas content, additional information and 
technical design of the atlas. The structure of the atlas is different, so dividing the content into thematic units and 
their sequence is also different. The cartographic content of the atlas is usually divided into four main parts – the 
world maps, maps of the continents, Europe maps and maps of the country (regional section). 
Most atlases proceed in content from the map of the country (regional map) through maps of continents to the 
world maps. This approach seems more appropriate as it introduces students with their homeland first, then with 
more remote areas. Linked to this is the number of pages that are devoted to the individual topics. While some of 
atlases emphasize maps of their country ([6], [7], [9], [12]), the others are devoted generally to all parts of the 
world ([2], [4], [11]) without major differences between subsidies pages of each chapter. 
General geographic and thematic (physical geographical, socio-economic) maps are included in all atlases. A 
variety of topics is very broad. While some atlases treated subjects primarily for world maps, as in the case of the 
Czech atlas [2], others provide the same themes in global and regional scale ([1], [6], [7], [9]). 
All the major methods of cartographic representation of thematic content in the selected atlases appear, 
although their representation is different. When comparing the number of methods in one atlas, the Swiss atlas 
[14] appears to be the richest, while the Serbian atlas [11] is the poorest. The greatest diversity of cartographic 
methods was identified in the regional parts of atlases. However, none of the selected atlases was completely 
different to others in its approach.  
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5. Questionnaire  
The Google technology was chosen because it allows easy creating of text and spreadsheet documents and 
also simple forms that were used for the designed questionnaire. The responses were recorded in the table, which 
was then exported to XLS format. Because these forms do not offer direct input of images, the source code of 
generated HTML page was modified. For greater clarity, the questionnaire was structured into several pages, 
each contained two questions. 
The survey via an online questionnaire was carried out in 2011. The target group of the questionnaire was 
mainly pupils and students of primary, secondary and high schools. Through the e-mail there were addressed 
several educational institutions (primary schools, grammar schools). After consultation with teachers, it was 
found that the possibility of completing questionnaires within courses of geography is very problematic, so 
another ways for distributing the questionnaire were considered. 
The author used the social network Facebook, which has many users in the desired age category. The 
advantage was the rapid involvement of respondents who can start filling out the questionnaire immediately after 
clicking on a link. It was also used the community website for geocaching players in the Czech Republic 
(www.geocaching.cz). The benefit of distributing the questionnaire through these means was the involvement of 
a large number of people from different regions of the Czech Republic, who received different education and 
experience with maps and atlases in throughout their lives. 
4.1 Structure of questionnaire 
Introductory page contained a map with animated characters, under which were hidden links. The aim of 
introductory page was to arouse curiosity and interest of the respondents. Therefore, the author chose colorful 
and gripping map of an unknown island. 
The link "Learn more" led to a page that contains contacts, information about the aim of the questionnaire, its 
structure, length and technical advice. If the link to the questionnaire was sent out to schools, this information 
was also included in the accompanying email. Link "Go to the questionnaire" has led to the questionnaire itself. 
After answering the last question the form displayed a thank you page and a list of all the used school atlases. 
Respondents had a chance to view a summary of their responses or pages with the correct answers, including 
explanatory comments. 
The questionnaire starts with the demographic part to collect gender of respondents, their age, subjective 
description of the relationship to maps and atlases and leisure activities. 
The age categories were selected according to the stages of the educational process. The category " less than 15 
years" included pupils of the 2nd primary schools and the category "15-19" included students of secondary 
school. University students (or graduates of secondary schools) were included in the category "20-25 years", 
older respondents in the category of "older than 25 years." 
Since one of the objectives of the research was to study the differences in responses of younger and older 
respondents and the differences in the response of people using a map from people not using the map for leisure, 
the question on the relationship to the maps  was involved. It was examined whether the respondents enjoys 
hiking, geocaching or orienteering, which are activities including map manipulation. 
Then there was the main part of the questionnaire consisted of 24 questions. 
Easier questions were placed at the beginning. The first questions contained a simple task and concerned only 
the map legend. Followed more demanding questions related to the analysis of information from the map tiles. 
Questions 9-11 had a special status due to focusing on the subjective assessment of the suitability map symbols to 
represent a certain phenomenon. Less demanding questions were placed at the end of the questionnaire. 
4.2 Questions of questionnaire 
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The main part of the questionnaire consisted of 24 questions testing the perception of map symbols  and 
methods. For each question four possible answers were offered (except for questions 9-11, which were evaluated 
separately) (table 2). Either the only answer was correct (alternative answers) or it was possible to indicate more 
correct answers (selective response, the respondent was aware by the text). There was always at least one correct 
answer, but this was not explicitly mentioned. Missing response was evaluated as incorrect. 
Table 2. Questions of the questionnaire for testing the perception of map symbols and methods. 
Number Text of question Offered answers 
1 The following characters are maps of maps dealing with 
… (four map symbols displayed) 
production of electricity 
plant production 
mining and quarrying 
unemployment 
2 The following map legend is suitable for … (a map 
legend displayed) 
types of cultural heritage by the number of visitors 
types of industries by number of employees 
types of power stations according to the power 
cities by population 
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3 Select the most appropriate title for the following map … 
(a map displayed) 
Protected areas in Africa 
The biosphere and natural landscapes 
African agriculture 
Climate of Africa 
4 According to the map, select the correct statements.  (map 
displayed) 
Alfa City is located by the sea 
Alfa City is located at a lower altitude than the city Beta 
Alfa City is located on the river 
Alfa City is located at a higher elevation than the city Beta 
5 According to the map, select one correct statement (map 
displayed) 
The phenomenon is most intense in the west 
The intensity of the phenomenon increases towards the north 
The intensity of the phenomenon is the highest in the East 
The phenomenon has the highest intensity in the islands 
6 Use the following maps to select one correct statement. 
(map displayed) 
The decrease occurred on the south coast. 
The decrease occurred in the Northwest. 
The highest increase occurred in the Northeast.  
Significant increases occurred in the north. 
7 The following map tells that … (map displayed) The Delta airport handled fewer passengers than the airport Gama.  
The railway runs between airports Delta and Gamma. 
The Delta airport handled more passengers than the airport Gama.  
The Gamma airport handled the most passengers in the area.  
8 On the basis of the road map (brown lines) and rail 
network (red lines), select the correct statement.  (map 
displayed) 
Traffic between the east and west of the country is influenced by 
the different official languages in different regions. 
Road and rail network of Switzerland are strongly influenced by 
geographic conditions. 
The north of the country is the busiest traffic areas. 
The railway is mainly used for transport between the north and 
south of the country due to the poor condition of roads in the 
southern regions of Switzerland. 
12 By way of expression, estimate which of the following 
maps show the population density? (four maps 
displayed) 
 
13 By following map select correct statements.  (four maps 
displayed) 
More grain is grown in the Northern Hemisphere than in the 
Southern Hemisphere. 
Maize is grown mainly in North America, accounting for more than 
a third of the world's grain production. 
Climate Southeast Asia is suitable for rice cultivation.  
Australia is one of the leading producers of maize. 
14 According to the map, select the correct statements.  (map 
displayed) 
Egypt population is higher than in Australia 
Poland population is higher than in Vietnam. 
Indonesia is larger than Russia. 
China and India are the most populated countries in the world. 
15 Based on the following map select one true statement. 
(map displayed) 
Southeast winds prevail in Godbout. 
The climate on the west coast is influenced by warm ocean 
currents. 
Vancouver is located south than Godbout, and therefore there is a 
higher average temperature. 
The temperature in Vancouver is the same as in Godbout.  
16 Based on the following view map we can say that (map 
displayed) 
The average temperature in Tehran is +30 ° C. 
Less precipitation in Bangkok than in Istanbul.  
The temperature in Vladivostok is the same as in Irkutsk. 
Climate in Bombay is influenced by the northwest monsoons.  
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17 Which city is not located in a wine region? (map 
displayed) 
Bordeaux 
Perpignan 
Lyon 
Le Havre 
18 According to the map, determine what is grown in the 
area shown on the map: (map displayed) 
sugarcane, coffee tree, pigs, horses 
sugarcane, tea tree, cattle, camels 
cacao tree, tea tree, cariboo, cattle 
sugarcane, coffee tree, cattle, pigs 
19, 20 Based on the following map, select correct statement. 
(map displayed) 
There are more infected people in South America than in Africa.  
There are more infected people in Africa than in South America.  
There is the same number of infected people on both continents.  
There are the most infected people in North Africa. 
20 Based on the following map, select correct statement. 
(map displayed) 
There are more infected people in Africa than in South America.  
There are more infected people in South America than in Africa.  
There are the most infected people in North Africa.  
There is the same number of infected people on both continents.  
21 Based on the map showing the infant mortality rate, 
determine which country provides the best medical care. 
(map displayed) 
Australia 
Afghanistan 
Brazil 
Mali 
22 Which of these countries is a member of the European 
Union, and is not a member of NATO? (map displayed) 
Iceland 
Sweden 
France 
Italy 
23 Based on the following map showing average number of 
days with snow cover, select the area where you went 
skiing. (map displayed) 
Isle of Man 
west of Ireland 
north of Great Britain 
western coast of Great Britain 
24 Choose the best slogan to the map promoting cultural 
and historical sites of Vojvodina. (map displayed) 
Ideal for lovers of hiking. 
Come and enjoy the sandy beaches and warm sea.  
Visit castles, caves, spas, ancient towns and other sights of 
UNESCO. 
Country majestic forts, historic towns and ancient monasteries.  
 
All maps were presented to respondents without map legend (Fig. 2). There were two reasons: 
 To identify the potential of selected map symbols and methods to express information without map legends 
(essentially the help) and thus contribute to simplifying and accelerating the process of perception of map. 
 To investigate the cartographic literacy of respondents due to that they do not require the map legend for the 
perception of information.  
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Fig. 1. Maps displayed within questions 3 (left, source: atlas [6]) and 5 (right, source: atlas [14]). 
Each question was compiled with a clear aim and formulated sufficiently clearly. The answers obtained were 
relevantly analyzed and the results derived interpreted. For example: 
 The third map (for the third question) is from the Hungarian atlas [6] and its original name is "Types of 
farming" (Fig. 1 left). The map legend, which was in questionnaire purposely removed, contains 10 kinds of 
land use from forestry, through pastures and barren area. The point symbols represent five kinds of livestock 
(including fishing) and the line symbols indicate the extension of the date palm and palm oil production. In 
response to the question, the types of agricultural land were often confused with the types of natural 
landscapes, which is understandable because these two phenomena are closely related (barren land is in 
deserts, forestry prevails in tropical rain forests). Livestock was considered as an ordinary fauna. For 
example, the respondents did not consider the camels as domestic animals. The linear symbol related to the 
cultivation of palm trees was very difficult to understand without the map legend. Therefore, the answers 
reported a high heterogeneity, as evidenced by the nominal value of the normalized variance norm. nomvar = 
0.75 and variance ratio v = 0.52. None of the answer was the major. The answer "African agriculture" was 
identified as a suitable map title by 213 respondents, while 196 responses preferred the answer "The 
biosphere and natural landscapes". As inappropriate title was identified the answer "Protected areas in 
Africa", which was chosen by 9 respondents. As entirely inappropriate map title was correctly identified (due 
to the applied colors) the answer "Climate of Africa". The cartographic symbols in the map (Fig. 1 left) were 
assessed as unsuitable (at least when there is no corresponding legend). The hypothesis about international 
intelligibility was refuted.  
 The map in question number five shows a degree of climate continentality and is from the Swiss atlas [14]. 
Colour scale in the map legend goes from blue (oceanic climate) through shades of yellow-orange to brown 
and dark reddish brown (continental climate). The isolines provide additional information about climate 
continentality in percentage. The correct answer to this question required to the respondents both the ability 
to interpret colour scale, both knowledge points of the compass. Because that the pupils have learned the 
points of the compass already in primary school, there was tested mainly the assumption that the darker and 
1130   Vít Voženílek et al. /  Procedia - Social and Behavioral Sciences  112 ( 2014 )  1121 – 1136 
deeper shades awake at the respondents felling of higher intensity of expressed (unspecified) phenomenon – 
in general the quantity effect is being expressed just by brightness and saturation. The first answer "The 
phenomenon is most intense in the west" was probably selected due either to ignorance of the compass or 
misinterpretation more saturated blue tint on the west coast of the British Isles. There were 390 correct 
answers, the relative frequency of this category is 88%. Measures of variability have low values (norm. 
nomvar = 0.249), the answers have low dispersion and can be described as homogeneous. On the basis of 
statistical indicators it can be concluded that the respondents were able to correctly analyze the data in the 
map and used colour scale that is suitable for quantitative representation of the phenomenon – climate 
continentality. 
The other questions were evaluated similarly.  
The questions 9-11 were different of the others. They were designed to investigate the subjective assessment 
of the suitability map symbols to represent specific phenomena – winegrowing and air temperature (table 3).  
Table 3. Questions 9-11 of the questionnaire focused on the subjective assessment of the suitability map symbols to represent a certain 
phenomenon. 
Number Text of question 
9 Which of the following map symbols do you consider as suitable representation for winegrowing?  (seven map symbols  
displayed) 
10 From the following map symbols select one as the most suitable representation for winegrowing. (the same seven map symbols  
as in question 9 displayed) 
11 Which of these scales are suitable for the representation of air temperature?  (six colour scales displayed) 
 
All questions offered several different maps symbols from selected atlases (table 1). Each map symbol is 
cartographically correct, nevertheless the map users slightly distinguishes them in details  (Fig. 2). Within these 
details the authors search the best solution for representation of two tested phenomena. 
Fig. 2. Map symbols and colour scales as offered answers in questions 9 and 10 (top) and 11(down) (source: atlases [2], [6], [8], [10], [11], 
[12], [13], [14]). 
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Each question was compiled with a clear aim and formulated sufficiently clearly. The answers obtained were 
analyzed differently from above-mentioned question. However the results derived were interpreted in the same 
concept. For example: 
 In question 9 the respondents were asked to select from seven map symbols (Fig. 2 top) all ones which they 
consider appropriate to representation for winegrowing. The map symbols were derived from the atlases [1], 
[2], [12] and [14] and they were point characters. Besides the character D, which is used to represent areas of 
tobacco production in the Belgian atlas [1], all symbols are truly designed for the expression of the 
grapevine. In the sum of all answers the respondents identified as the most suitable symbol A, then the 
symbols C and G. At least there were selected the geometric symbols D and F. It was tested a hypothesis of 
conformity of questions in the age categories using the Pearson's chi-square test in the R (X-squared = 
17.1215, df = 18, p-value = 0.5148). The p-value is greater than 0.05, so we can not reject the null hypothesis 
of conformity answers. This means that the respondents of all ages chose the similar answers. For all, the 
map symbol A prevails prior to the character C and G. Furthermore, all map symbols were tested in the 
following question 10.  
 The question number 11 tested the perception of colour scales for expression of air temperature. Six colour 
scales was for a choice, one of them (scale E) was completely unsuitable for an expression of any 
quantitative characteristic of phenomenon. The examples of scales were derived from the atlases [2], [6], [8], 
[10] and [13]. According to the respondents, the most suitable colour scale for expressing air temperature is 
the scale F, then scales A, B and D. Worst evaluated, not assuming completely inappropriate scale E, is the 
scale C. The correspondence analysis demonstrates the existing links between the answers. There were used 
two dimensions, explaining 81.4% of the total information. The corresponding symmetrical chart was 
compiled (Fig. 3). The chart shows that the oldest and youngest respondents more often chose scale A. The 
scale C (from the Czech Atlas [2]) was much better perceived by the respondents between 15 and 19 years, 
which may be related to the students' experience with the type of atlas. The respondents between 20 and 25 
preferred the scale D. As a result, the respondents prefer more bright and saturated colours for which there 
are significant differences between the colours of each interval (scales F and B). It cannot prove a 
relationship between age group and preferred way of expressing the air temperature. It can be said, however, 
that the respondents decided more on the basis of colour perception than in relation to the scale type. 
Fig. 3. Symmetric corresponding chart from the answers to Question 11 (source: the output of the R).  
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6. Results 
The results are based on responses from 441 respondents. The obtained responses were analyzed using 
statistical methods (Pearson’s chi-square test, correspondence analysis), cartographically interpreted and 
provided with commentary. 
In conclusion, the final question was asked whether there is a correlation between age of the respondent, and 
its answers. It was examined whether the correctness of the answers increases with age, as stated by some authors 
(eg, Pravda, 2001, Voženílek, 2002). It was also investigated the relationship between the leisure activities 
(geocaching, hiking, orienteering) and the correctness of answers. For this purpose, the absolute and relative 
frequencies of completely correct answers to each question were applied (without questions 9-11) (table 4). 
Table 4. Absolute and relative frequencies of correct responses by age groups.  
Number 
of 
question 
Absolute frequency Relative frequency 
less 15 15-19 20-25 more 25 total less 15 15-19 20-25 more 25 
1 48  118  170  88 424 92.31 94.4 98.27  96.70  
2 48  118  171  91 428 92.31 94.4 98.84  100.00  
3 28  75  74  36 213 53.85 60.0 42.77  39.56  
4 33  99  158  86 376 63.46 79.2 91.33  94.51  
5 34  102  167  87 390 65.38 81.6 96.53  95.60  
6 28  99  155  75 357 53.85 79.2 89.60  82.42  
7 9  41  86  48 184 17.31 32.8 49.71  52.75  
8 5  40  72  35 152 9.62 32.0 41.62  38.46  
12 10  39  79  39 167 19.23 31.2 45.66  42.86  
13 12  34  61  26 133 23.08 27.2 35.26  28.57  
14 27  93  139  78 337 51.92 74.4 80.35  85.71  
15 11  43  87  57 198 21.15 34.4 50.29  62.64  
16 12  30  68  32 142 23.08 24.0 39.31  35.16  
17 32  99  137  73 341 61.54 79.2 79.19  80.22  
18 39  102  155  75 371 75.00 81.6 89.60  82.42  
19 24  77  101  63 265 46.15 61.6 58.38  69.23  
20 3  15  7  1 26 5.77 12.0 4.05  1.10  
21 31  107  162  90 390 59.62 85.6 93.64  98.90  
22 27  68  145  77 317 51.92 54.4 83.82  84.62  
23 38  108  161  88 395 73.08 86.4 93.06  96.70  
24 27  82  137  68 314 51.92 65.6 79.19  74.73  
 
Pearson's chi-square test was performed (X-squared = 79.3149, df = 60, p-value = 0.0482). It proved 
statistically significant differences between the answers in different age groups. It can be said that the the 
correctness of answer depends on the age of the respondent. 
Further, the relationship between the use of maps in leisure activities and better results in the questionnaire 
was investigated. The respondents were divided into two groups according to whether they engaged some of the 
leisure time activities (orienteering, geocaching, hiking) or no of the above. Leisure activities require active use 
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of maps, whether in the form of paper (orienteers, tourists) or digital (outdoor GPS for geocaching and hiking 
route planning on map portals), therefore also deepening cartographic literacy. There were 315 respondents 
engaged in these activities, and 126 people who did not.  
They were used absolute frequencies (Table 5). Calculating the chi-squared test (X-squared = 34.9691, df = 
20, p-value = 0.02027) was found that the responses between the two groups differ. The p-value is less than 0.05, 
and therefore, at this level of significance, the null hypothesis can be rejected. 
Table 5. Absolute and relative frequencies of correct responses by use of maps in leisure activities. 
Number of 
question 
Absolute frequency Relative frequency 
engaged not engaged engaged not engaged 
1 118  306  93.65  97.14  
2 118  310  93.65  98.41  
3 66  147  52.38  46.67  
4 90  286  71.43  90.79  
5 96  294  76.19  93.33  
6 87  270  69.05  85.71  
7 33  151  26.19  47.94  
8 29  123  23.02  39.05  
12 32  135  25.4 0 42.86  
13 23  110  18.25  34.92  
14 78  259  61.90  82.22  
15 46  152  36.51  48.25  
16 30  112  23.81  35.56  
17 90  251  71.43  79.68  
18 101  270  80.16  85.71  
19 69  196  54.76  62.22  
20 12  14  9.52  4.44  
21 100  290  79.37  92.06  
22 69  248  54.76  78.73  
23 105  290  83.33  92.06  
24 77  237  61.11  75.24  
 
It can be concluded that the correctness of answer depends on the relationship of the respondents to the maps. 
Those who use the maps as a useful source of information in their leisure time had better results (Table 5). 
Comparison of results in the age group younger than 15 years also showed that the pupils who are engaged in 
orienteering, geocaching or hiking have better answers. The positive relationship to cartographic products thus 
supports the ability to read maps in all age groups. 
The relationship between correct answers and sex of respondents  was not examined. The earlier studies did 
not proved statistically significant differences between men and women. It can be assumed that the cartographic 
literacy of men and women are not different (Voženílek, 2002). 
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7. Future work 
The research focused on the perception of map symbols and cartographic methods  used in school atlases 
continue with maximizing the potential of advanced technology research. The new approach is primarily the use 
of eye-tracking technology. Data obtained from the use of this technology help to the easier objectification and 
interpretation of results. 
Eye-tracking technology is based on the principles of tracking movements of human eye while perceiving the 
visual stimulus. This technology present a useful tool for implementing cartographic experiments related to the 
process of map perception. There are several methods of the eye-tracking data visualization: Gaze Plot, Heat 
maps, Evaluation of AOI – Area of Interest, Sequence Charts and others. The greatest potential, however, 
represent statistical data stored in a text file. It is possible to record many aspects relating to the eye-movement 
and then it is appropriate to statistically evaluate this data-set. The technology of eye-tracking allows analyzing 
not only the speed and method of reading maps, but also recording the correctness or precision of the user 
response (Vondráková, 2012).  
Within the utilization of eye-tracking technology in the school atlases research it is possible to evaluate 
a number of aspects, such as map composition, symbology, methods of cartographic visualization, but also the 
appropriateness of resulting cartographic atlases for different age groups of students. The final evaluation can be 
performed on the basis of comprehensive statistical analyzes, but also on analyzes based on individual users, such 
as sequence chart for AOI for each user (Fig. 4 right). 
 
 
Fig. 4. Evaluation of map composition in world school atlas (Svojtka & Co., 2004 in Vondráková, 2013) 
8. Conclusions 
The aim of the research was to analyze the map symbols of the world school atlases with a focus on perception 
of certain aspects of cartographic methods. For this research 11 school atlases from different European countries 
were selected. 
Although the use of cartographic means and topics of maps were diverse, none atlas is significantly 
distinguished from the other. The differences were found only in the structure of atlases, especially in a ordering 
and number of chapters of individual themes, or in a variety of cartographic methods used in the atlas. 
The results of the research show that the cartographic literacy increases with age and education. The question 
is, what proportion on the improvement of cartographic literacy is a school education with a school atlases and 
1135 Vít Voženílek et al. /  Procedia - Social and Behavioral Sciences  112 ( 2014 )  1121 – 1136 
what proportion are other factors (media, personal experiences, hobbies, etc.). The research also proved that the 
use of cartographic products in leisure activities , such as orienteering, hiking or geocaching, has a positive effect 
on the perception of information from the map. 
The analysis of the results showed that the relevance and readability of the used cartographic method was 
confirmed in fifteen questions. On the contrary, the unsuitability of “false cartogram” method is confirmed at the 
twentieth question. In five cases, the readability of the used method was unproved. 
One of the intended aims, to prove that the map language is internationally understandable, could not be 
achieved with a selected sample of respondents and atlases. For accurate verification of this opinion it would be 
necessary to use atlases from more parts of the world and to involve many respondents from abroad. However, 
the research has confirmed that the Czech users are able to understand the map symbols and cartographic 
methods that are used in school atlases in Europe. This finding is in accordance with previous research 
(Michaelidou, Nakos, & Filippakopoulou, 2004). 
The authors continue their research of perception map symbols and cartographic methods  (Voženílek, 2009, 
Dvorský, Snášel, & Voženílek, 2010, Dvorský, Snášel, & Voženílek, 2010). Currently they are focused on 
objectivization of assessment of cartographic means by eye-tracking technology (Popelka, Brychtová, & 
Voženílek, 2012, Popelka, & Voženílek, 2012) and the qualitative aspects of the atlas cartography. The authors 
believe that improving the quality of cartographic production will also increase the entropy of the maps  (Tuček, 
Pászto, & Voženílek, 2009). 
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